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Prepa red by: Florenc e A. Farrar
J ame s R. Krodel

Direc to r
Mathematical and Information Sciences

• Air Force Office of Scientific Research
United States Air Force
Building 410
Bolling Air Force Base
Washington , D.C. 20332

Attent ion : Major Charles L. Nefzger
AFOSR/NM

Subject: Microprocessor Requirements for Implement ing Modern
Control Logic , Contract F49620—79--C—0078, Technical
Progress Report No. 1 for the period March 1 , 197 9
through August 31 , 1979.

Reference : Farrar , F. A. and R. S. Eidens : Microprocessor
Requirements for Implement ing Modern Control Logic.
United Technologies Research Center Report R79—944258—2,
Final Technical Report prepared under Air Force Office
of Scientific Research Contract F49620—78—C—0017,
March 1979.

Gentlemen:

la. The objective of this research investigation is to develop
and evaluate analytic al procedures for establishing microprocessor
requirements for implementing modern control logic. Key issues in
microprocessor implementat ion of modern control logic inc lude (1) accuracy,
(2) computational capability, and (3) memory requirements. These require-
ments must be established for the interface as well as for the micro-
processor control code .

lb. A Phase I first—year study directed toward establishing
microprocessor requirement s for control of linear systems was performed
at United Technologies Research Center (UTRC) from 1 February 1978 to
31 January 1979 under Contract F49620—78—C—0017 with the Air Force Office
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of Scientific Research (AFOSR) . This Phase I program resulted in successful
development of anal ytical procedures for establishing microprocessor requirements
for multivariab le feedback control of linear stochastic dynamic systems . The
developed procedures were evaluated and illustrated by application to (1) a
second—order system and (2) a linearized fifth—order FlOO turbofan engine model. 

-

These results are documented in the referenced report . based on these results ,
the subject contrac t was awarded to UTRC for a Phase II second—year program .
This second—year study is directed toward (1) validating Phase I results by
demonstrating microprocessor imp lementation of linear quadratic Gaussian (LQG)
logic for control of linear systems and (2) extending the analysis of micro-
processor requirements for control of nonlinear systems .

2. Dur i ng this report period the UTRC effort has been direc ted
toward validating Phase I results by demonstrating LQG control on an Intel
8080 microprocessor for a second—order continuous system . The second—order
system is the same system used in the Phase I study. Accuracy, computational
capability, and memory requirement s of the microprocessor demonstration
system will be compared with requirement s predicted using the anal ytical

• procedures deve loped in the Phase I stud y. In addition , a paper presenting
the Phase 1 stud y results was submitted and accepted for publication in the
IEEE Transactions on Automatic Control and for presentation at the 18th IEEE
Conferenc e on Decision and Control (CDc). Approval to submit the paper was
obtained from Major Charles L. Nefzge r , the AFOSR contract monitor. A copy
of the cover letter and paper submitted for publication in the Transactions
is enclosed for Major Nefzger with this report .

3a. To demonstrate LQG control on an Intel 8080 microprocessor for
the second—order continuous system (analog model ), the system shown in Fig. 1
is being employed . The system consists of the analog model , an Intel 8080
microprocessor , A/D and D/A converters , and a strip chart recorder. The
continuous system dynamics (analog model ) are represented by

y +4y +2y:up; y(O):O.5
y(o)~o.5 ( 1)

Zp Y + f lp

• where y, u 3, z1~
, and n~ represent the system output , input , measurement , and

measurement notse , respec t ively. The dot notation denotes differentiat ion with
respect to t ime. The absolute maximum values are given by

I~I ~~~~~

I~ 
1.0

(2 )
1Y1 40
IUImo~ 20

The analog system shown in Fig. 1 is scaled so that 10 volts corresponds to the
maximum value .

_ _ _ _ _ _- — ~~~~~~~~~~~~~~~ 
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3b. For LQG control desi gn , cont inuous system dynamics are
represented in state—space notation. For digital control imp lementation ,
system dynamics are normalized so that the numbers in the control compu-
tations range between —1 .0 and +1.0. Normalized continuous system
dynamics are described by . . .

= Ax + Bu

y~~Cx + Du (3)

z E x +n

where the vectors x(nxl), u (mxl), y (pxl) and z(lxl) represent the norma l iz ed
sys t em s t a t e s , in p u t s , ou tpu t s , and measurement s, respectively. The random
process vectors £ and rt represent white zero—mean Gaussian n—dimensional
process and L—dimensional measurement noise , respective ly. The second—order
system matrices (A, B, C, D, and E) are shown in Tab le I. The companion forts
is shown for ease in relating the state equations (Eq . (3)) to the system
input—output equation (Eq. (1)). (In the referenced report , the system
matrices were disp layed in standard form.)

3c. Normalized discrete control dynamics implemented on the micro-
processor are given by

~ (ii + I) - 
~~D ~ (k) + HD z (k + i)

u(k+I) : G D~~ (k+ I)

where

A _ IAw T  x

#D T TAt t+4~

-l (r’FT)2At 2 (T ’rT)3at3 (5)
4~:T FTAt + 2! + 3~ 

+ 

HD : T 1 HAt
GD :GT

The vector represent s estimated transformed state variab les. The
matrices G and H denote the deterministic control gains and filter gains ,
respectivel y. The gain matrices for the second—order system are shown in
Table I. The transformat ion matrix T is an identity 

matrix. 3
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4a. The software to implement Eq. (4) on a microprocessor consists of
three matrix/vector multip lications 

~~~~ 
HDZ, and GUW) and one vector addi-

tion ((
~ D

W) + (HDZ)). In addition , software for the LQG control system includes
a rout ine to save past state estimates and an interrupt service routine . The
interrupt service routine (1) performs a timing check to assure that all con-
trol computations are comp leted within the sample t ime and (2) reads in mea-
surement data and updates the system input ’~.

4b. The overall block diagram of the control software described above
is shown in Fig. 2. The block diagram tf the matrix/vector multi plication
code is displayed in Fig. 3. Figure 3 indicates that several minor changes
(e.g., the order in which pointers are initialized and updated ) were made in
the matrix/vector multiplication block diagram present ed in the referenced
report . These changes result in more efficient microprocessor impleme ntation .
Note that the matrix/vector multiplication algorithm is not changed but rather
the way the algorithm is implemented has been sli ghtly modified , block dia-
grams of the vector addition code , the store stat e estimates , and the interrupt
service routine are shown in Fig. 4.

4c. Comput ation times as a function of computer cycles to execute the
blocks of code shown in Figs. 3 and 4 are disp layed in Table 2. The cycle t ime
to execute a block of code varies with the microprocessor used. Note also that
the computation t ime is defined in number of cycles. Once the number of cyc les
for the code on a given microprocessor has been defined conversion to seconds
for different clock freq uencies is easily done (t(sec) — t (cycles/clock freq uency
(hertz)).

5a. To compute the cycles for a given microprocessor , code must be
written to execute the functions shown in the block diagrms of Figs. 3 and 4.
Control code for the Intel 8080 microprocessor is shown in Fig. 5. The code
consists of software to execute the control equations (Eq. (4)) and interface
software . A software multi plication subroutine is used . Improvement s were
made in the preliminary matrix/vector multip lication code present ed in the
referenced report . These improveme nt s result in reduced execution t ime . The
code changes include (1) more efficient use of the registers in the multi pli-
cation algorithm (ll.5~. reduction in cycle t ime) and (2) more efficient memory
(data array) accessing as well as more efficient use of the registers in the
matrix/vector multiplicat ion algorithm (reduction in cycle t ime dependent on
system order , e.g., a 24% reduction in the matrix/vector multi plication control
algorithm is obtained for a 2 x 2 matrix t imes a 2 x 1 vector). In addition ,
the interface software was added to the preliminary code . The code is also
completel y doc umented . The flow chart for the code is shown in Fig. 2.
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Sb. Tab ~~ il l shows juteS .ts soc at ~‘d w i t h  e x ecu t  ing the Ii locks  of c ode
LII Figs. and ‘4 . (‘ 5 ing t h e  Pha se  I p r o ce d u re  to  det  inst tie the comput at to i t  C imt ’
for the s c o n d — o r d t ’r svst em ( 1~tb Ii’s 11 and 111 ) in.1 i cat es t h a t  b~~S~ cvc les it
r eq u t red t or one p.t ss t h oug h the codi~ . For a ~ Pill : c I oc k on—board ROM memory
t h e  p r e d i c t e d  comput ~ I t  i on C l I n t ’ IS  equa l t o  •~ . I  ms ;  f o r  a I ..o ’ PtU r c l o c k  l o t  I—
hoard RAIl memory the pred t c C ed compu t  :It ion t t Ine S .4 . _~ S uts . For 0 % I V t ~U I t’nce
of t — hoard  RAM memo v vi It he ‘tup t o  ved L I I  t ft is St ud v

Int e l $050 me niorv r e q u i r e m e n t  S 55 ~l t u n e t  t o n  ot s v s t en t  St  St i
in p u t  and out put  ~‘r dc ’ Es :tre shown in  l ab  1 lv . l’hes ~ req u i r erni’ nt  s tue 1 udt’
t ~~~

. 1.Qt : ~ ~~ t rot I .~~~ e ~~~ ~ts ~~ 1 1 ~is t he tnt e nt a c t ’ log i~ code tnt e r rupt
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R~ M) .

Phase I st  udv r e s u l t  s m t  ~ at e  t h a t  t h e  I t i t  e 1 $~) $~i w i t h  sot t w a r e
mu tt t p1 v ~ a~i h ’  us e d  t o imp l em en t  t he 1Q~ con t t o l  1 .tw t o t  t he se c on d — o r d e r
s y .~ tern. The req nit ~‘me nt s t o t  t l i t  se~ oud — o rd~ r con t rot l et  us t u g  t tie standard

torm S t c ’ aIta  1 vi t e a  l i v  c o m p u t e d  t o  be I ~ an S—h i t word length ac cu r a cv  • 1~ ~ a
m it itnuiit s amp 1 t inie i~based on c omput :11 t ons  of  .4 . IU5 and .1 InSX intum
samp i e t irne ha sed  on cont  rot 1 t p.’ t e s  ot  ~ , I i.l ms , and ..QO words ot

memo r v t, .. ‘ S wo id  s o f  P R OM and I ‘ we’ i d  s ~‘t RAM . rhe se req n i t  em ’ nt s i tic I ude
m t  ~~ t ace as w et  1 as t n t e v o p r o c i ’s so l  nt ’q u t t i ’tue tt t  S .

S . The s v s  t i’m s howt t t n F t g . 1 ii as bet ’ u cons t r tic t ed . i’lii’ c od~ Itas
been impi emt’nC i’d on t h e  t n t  ci  $050 m i c  t o p r s ’ses  sot . th e  m em ory  used agrees
wit ft t h e  an a l  v t t c a l i v  p r e d i c t e d  r e qu  i t  etne ft  s . The s~’ t us 1 comput at  ion t irne
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that • as pr edi ct i’d i n  t h e  Phase  I stud v • S — h i t  at’ cur ac  v I S  sit f t  I c i ent  t o t
imp l ement t u g  t h e  s e con d — o r de r  c o n t r o l l e r .

In t h e  t t ext  r e por t  Pt’ r i od t h e  see on d— o r de  r and t i tt hi— orde r c o n t r o l l e r
an a l  vs is  w i l l  he comp 1 ’  t i’d . P r o ce d ur e s  t o t  dot erts i n  I t ig ml ci  opt  oct ’s sot t e q  u t  i c—

mt’flt s w i l t be ext et i t led C 0 UOII l i n t ’S t s V S t OrnS . in add i t  Ion , t i ’s t i l t  s e’ht a t  nod i n

th i ’  Phase I study w i l l  he prt’pated t o t  p te$ i ’% t t S t  ion at t h e  18th iEEE CL~i’ .

S
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10. The Princ i pal Investigator , Mrs. Florence Farrar , is starting
full—t ime studies for her Ph.D. at the Univer sity of Connecticut (UCONN) in
September . Dr. Robert Guile , who received his Ph.D. from UCONN in 1970, has
assumed the responsibilities of Princ ipal investigator effective September 20,
1979. Dr. Guile has most recently been engaged in research in the area of peak ’
seek ing adapt ive systems . He has previously been involved with analysis and
design of digital electronic control systems . He has 10 years of engineering
experience , inc lud ing 3 years at UTRC. Mr. James Krodel is continuing as
Co— investi gator.

Very truly yours ,

UNiTED TECHNOLO (IES CORPORATiON
Research Center

• Dav id P. Mu le
• , 

Assistant Manager,
Engineering Operations

DPM/di p
Enc losure

6
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TABLE 11

WMPUTATION TIME

M a t n i x V e c t o r  n + i t t  + mm
M u i t  ipl icat ions

Function Matrix/V ector n(n—1) + n ( L — l )  • m ( n — l )
Add it ion

Vector Add it ions ti

Mat rix ,’Vector (A * 
~ i~ 

(N2 + ~ t + mu — 2n —m ) • ( E  , + ta a a3
M u l t i p l i c a t i o n  (2n + m) —3L53 ~~ ~~1

’
~ 

(ii n t  • urn ’)
+ ç~ (2n + t )  + 3

Time * Vec t or A d d i t i o n  
~~a1 V a2 )fl V ) + V at)

t C v c l e s )  State Store 
~~d1 

rd2~~~ ~~ 
edt)

Interrupt Service TC + (AD) t • (DA )m

* See Figs. 3 and .~i for defin itions of time notation (e.g., A detined on Fi g.  3 ) .
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I n t e l  $050 E x e e t i t  i on  Time s

F i gu r e  F u n e t  iott  I ’ve I i ’  Time

R .~il

t*mt)

10 1

A i~

‘1

~~~l

• v s0 Cii,)

v at

V a : “c’

• .4 (1d l

V.4

1; 3.4

L



R79—944590—l

I
TABLE IV

• 
• MEMORY REQU I REMENTS

Variable lemony Type Memory ( BYTES )

• Past state estimate (i..(k)) RAM n

Current state estimat e (w (k+l)) RAZ’t n

Measurement  ( z ( k + 1 ) )  RAM t

Con t ro l  ( u ( k + 1 ) )  RAM m

System matrix 
~~~ 

PROM

Kalman gain mat nix (HD) PROM nt

Control gain matrix (Cu) PROM

Temporary S to rage  RAM n 2 + 3nt + nm + n it

M a i n  C o n t r o l  Log i PROM 393
Computer  Code

I n t e r r u p t  S e r v i c e  PROM 74
Rout m e

RAM n2 + 3 n t + n m + m t + m +  t
TOTAL

PROM n2 + n t + m n + 4b7
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CONTROL CODE BLOCK DIAGRAM

START

INITIALIZ E

• MATRIX/VECTOR
MULTIPLY 1

MM1 H0Z

____ I ____
MATRIX/VECTOR

MULTIPLY 2
MM2 =

VECTOR
ADD

~eIK +1) MM2 + MM1

STAT E STORE
= + 1)

_I_
MATRIX/VECTOR

• MUL T IPLY 3
M M 3 = G D(4

U-

INTERRUPT SERVICE
_____________________ 

ROUTINE

(1) TIMING CHECK
(2) READ IN MEASUREMENT

UPDATE INPUTS

~~~~~~~~~~~~TERRU~~ YES
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• BLOCK DIAGRAM FOR MATRIXIVECTOR MULTIPLICATION
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BLOCK DIAGRAM FOR VECTOR ADDITION. STATE STORE AND INTERRUPT SERVICE
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INTEL 8080 SOFTWARE FOR LOG CONTROLLER

2 ’
a’ isis macso A1$C~ SLt0 . VU 1.5 166661 • S PAiL I
3*
4’
S a
6’ $
71 ~ EALR*N FILTLR,CO6YROLLII
II a
9* ~ PIOJICT. MICROPIOCL110* ZMPLENINT*T)ON O~ $05166 C

lit $ P*0GR6*R i J .  IROSIL. DISITAL CO~~UTEN LAS
11’ a 50,1’ 17—MIS —TI
tat j  UI0SIOII t Si ll
13$ a AiVISION t IS IS
14* a
IS ’ a ~UNCT1ONA I. DUCRIPTIOIS i
Ii ’ $ YNIS P104600 CONTR OLS A 2ND
17* a oou svs~to. usnso soocos CONTROL
ill a MtTNOD$. TNt 1*1K ISUAT IONS ~OLLO4$
*0*a., 

*a t * V •PNID$V • HD$Z
22’ 1
23’ a
24* a V
25* a K 14*
a.
271 a U 05$W
as a K•1 1+1
a.’
35* ~31’
32 2 • SYSIIR NIASUPIOINT VICTOR
33$ a K
34$ a
35’ ND • KA LNAN FILTIR GAIN NA YRIK
36* a37$ I
31* V • PAS T StAti ESTINATI VICtOI
39, K
466 a
41 *  PH1D • CLO u D LOOP SYITIP PATRI X
42$
43 * a
44 * a V • $(*T OTAtI L11i6*?L VICTOR
431 a 141
461 a
47* GD • CLO UD LOOP FIL DIACE 6636
45* $

a U • SYSTIN 11 UT VICTOR
a 1.1

SI’ a
Sal I
531 ~ fOR tNt UCOND 065(6 OY STER ’
54$ a

~ 
a • ix i VICTOR

a ND • 2XI NA TR IX
a ~ • ax * ~~ctoaOI l ~ PHI D • IXI NAT RI K

SOS SD • 1*2 $ATPIX
$5’ a M  • I*I UIC?OR
Sit  a
$2’ a PIV11306 NISTO *V$
63 5 a• 64$ aa.. I
IS’ ~ 

SYSTL O LSUAI’tSt
6?, I
15* a
10’ 1511 VII LOU I S Of 1I.IPINTS IN VICTOR
TS* 5651 011 IOU I $ ROWS IN NATRI X
7*, 1155 500* LOU 1611w a DATA RA TRIX STOPT ODOR I t
71 SI.. P6601 LOU 11556 a PARTIAL RAT RI X NPY STAR T AOl )
73$ $255 666*1 LOU 11.1$ • 60763* RPY RISULT START ODOR
741
7$, I

ie - O 5 - i O o  ~ 

Li
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• R79-944590-1 FIG 5 (CONTINUED)

INTEL 8080 SOFTWARE FOR LOG CONTROLLER
(CONTINUED)

71’ 5152 USl IOU S a S Of CL EME NT S IN VECT OR
775 SIll $Sl LOU S a S ROWS IN MAtRI x
75$ o3I. DOA2 IOU $3116 j  DATA MATRI X START ADDR Ia
79* 5461 P60*1 IOU 14116 a PARTIAL MATRI X OPY STAR T A DD
$5’ 51.1 666*2 IOU 15056 • MATRI X ~~Y RESULT SToRY ADD .
I l l  aia
53 ’ 1152 US3 IOU I j  S OF ELE ME NTS IN VICTOR
$4 ’  1111 053 IOU 1 a S ROWS III MATR IX
$5, 5055 5003 IOU 1511W a DATA MATRIX START ADDR 53
I S. 1765 P6003 LOU 17116 a PARTIAL MATR IX MPY START ADD
$7’ Sill 60603 LOU 19556 ~ MA T R I X MPY RE SULT START ADDR
S., a
III a9I$ a
91’ SIll UOUT LOU 11116 a OUTPUT VAR LOCAT I ON
92’ 5311 STR IPC LOU 136514 a STRIP CHART VAR LOCATION
93*
94’ I
95’ 3C3D ORG 3C3D6
H’ 3C3D C31941 JAR INtR a SET UP INTERRUP T SDu ROUT .
97* a
95, a
99’ 4115 ORG 451144

1.S’ a
151 ’ a IN IT IALZAT ION
152 * *113’ 4511 F3 DI DISA BL E INT ER RUPTS• 114 ’ 4501 3*1S45 LXI SP ,4515I4 ItT UP STAC K POINTER
115 $ 

*151’ a
15’? ’115 a PRO GRAN START ’
159 *
1* 5’ MULTIPLY MATRIX NO I KALMAN F ILT E R GA I N NAT RISI WI T H
1 1 1 5  $ VICTOR Z (SYSTEM MEASUREMENT VEC1O R I .
ti l t a ND I S S R O U S X I C O I .
11 3 1 a Z I S I R O ~ X I COL
114 ’  1
1*0 ’ 4114 ITRT*.
III’ 4114 3111 MUI O USt * (STAlLION VICTOR SIZE
*175 4511 11115 1 LXI D. PMMA I PARTIAL MATRIX MPV START ADD
I I I ’  4119 111150 LXI 6.5*01 * IOTA MATRIX START ADIR
III’ a
125 * 465C C OL NI$
I l l ’  451C Fl PUSH POW sTART NEXT COLUMN MPY . SAVE
Ill’ 4155 SIll MVI $ 051 £STAILI SI4 MATRIX POW SIZE
*23’ 4115 41 NOV C A  g SET OPERAND $1
114$ 4515 13 114* N ~ POINT TO OPERAND Sitao s a
IllS 45*1 POIINII
117* 45*2 CI PUSN I a APY THE ELE ME NTS IN £ACN IOU
Ill’ 4112 El PUSH N a S*UI I. C . N & L
119* 4113 SI NOV N M  Ott OPDAND Si
135 $ 4514 CD4F41 CALL OII LT • $ lI t  SIGNE D
*31 ’ 41*? ?C NOV A M  a PREPARE 70 17061
*311 411$ 12 070* 5 a SAVE PARTIAL MATRIX MPY
*33 ’ 4111 13 314* 5 • ADJUST SMII POINTER
134 * 4110 II POP N • M C S T O R E N I L
135 1 4515 23 114* N a POINT TO NEXT OPERAND
*35’ 4SIC Cl POP I p RE StORE VICTO R COUNT ( I )

a RE STORE OPERAND 1* I C
131 $ 4110 II DCR S p COLUMN *LL DOIIE T
139 1 45*E Cl**4• JNZ ROWN I a NO
145 5 4521 51 POP POW a YES RESTORE VICT SIZE
141 5 4512 3D DCI A a ALL MULTIPLIES CORPL ITE ‘

~*415 4113 C10441 JNZ COLM I a NO
14 3$ a YES. SUN PART I ALS TO CO MPLE T
1445 4511 SIll MU! I. MS I a 0EIST AILI SN MATRIX ROW S * E
145s 4111 115511 LXI 5.60601 a MATRIX MPY RESULT START ODOR
141’ 411$ 111 111 LXI H.P600l a PARTIAL NAT OPY START *006147$ I
1411 4561 UNAII
1401 4521 SEll MUI C .V$ I R E I NITIALIZE VICTOR SIZE
ISI S 4535 A, )IRA A I CLLAR R(G A
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R79-944590. 1 FI G ~CONTINUE[~

INTEL 8080 SOFTWARE FOR LOG CONTROLLER

f (CONTINUED)

*5*’ 413* DI PUSH S a OBTAIN POINTER OFFSE T IN DIE
152’ 4532 III MU! D l  a CLEAR UPPER PORTION OF DIE
*53’ 4534 Cli NV! 1,011 p SIT OFFSET . MA TR iX ROW SIZL
*54 5 1
I S O ’ 4131 $416111
*05’ 4135 IS ADD M ~~A ’ A . H L• *17* 4137 19 DAD S p HL • NL 4 DC (DI • OF F SET ) S

155* 413$ ID ICR C a ALL TERMS SUMME D P
159’ 4539 C13S41 JNZ WRI t a NO
Ill 453C Dl POP 5 YES. RE STO RE RESULT ADD.

*11’ 4130 Ii ITOH I a STORE RESULT
• 152 $ 4131 51 5CR $ a MAT SIX ARY COMPLETE T

*63, 4135 CAU4I JZ DONt l a YES
• 154 $ 4142 13 INX S * NO. POIN T TO NEXT RESULT ADD

151$ 4143 Dl PUSH D a ADJUST TERM P0 !NT(R TO LAST
150’ 4144 111111 L XI N , PMMA 1 * Ut POSE ADD.
*67. 454? 3111 MU! 0.611 a SIT MATRIX ROW SIZ E
III ’ 4149 91 SUB I
159* 454* 55 NOV l.A a GET OFFSET
171. 4141 liii MV! DI  * CLEAR UPPER PORTION OF DI
*71* 4540 II DAD D * NL • P600 • VS lEG B
I?l* 414t DI POP D
173’ 4141 C36141 JAR SUMA I
174$
1755 4152 ~ONitI• 171* a1775
171 ’ MULTIPLY MATRIX PI4ID *CLOSED LOOP SYSTEM MAT R IX UI
*795 VICTOR U PAST STATE VICTOR S.
ISIS a PW ID I S 1 * O U S X I C O L S
*5 1’ a V * S 1 R O W S X I C O L• Ill, a
153 * 4152 3152 MV! A .VS2 a E STA I L I SH VECTOR SIZE
1S4* 4154 *11154 LXI D.P0001 PARTIAL M AT R I X NPY START ADD
113 $ 4107 21665 3 LXI N.DNA2 DATA MATR IX START ADD.
I I I ,  I
1$? ’ 4150 C OLNJ t
Iii’ 4ISA FS PUSH POW a START NEXT COLUMN OPY . SAVE
£19’ 415$ 1102 MV! B. MSS p ESTAILISH MAT RIX ROW SIZE
191$ 4550 4E NOV C.M * OCT OPERAND SI
*9 * ’  41St 23 INX N * P OIM t TO OPE RAND SZ
*92 *• *93 * 41Sf 601161 $

- - *94* 41Sf CS PUSH I MPV THE ELEMENTS IN EAC H RO Il
*95 * 4050 £1 PUSH N I SAUI S.C.N I L
195 5 411* 50 NOV N.M a GET OPERAND Si
19?’ 4152 CD4F41 CALL NULT a $ $1? 11014(0
191 * 4150 ?C NOV A M  a PREPARE TO StOR E
*99* 4151 Ii STAX D a SAVE PARTIAL MATRIX MPV

• 111’ 405? 13 INX D a ADJUST SOUl POINTE R
2.1$ 4555 11 POP N a R E S T O R E H I L
212’ 4159 13 INX N j  POINT TO NEXT OPERAND
2535 411* Cl POP B a RESTORE VICTOR COUNT I S )• a14 ’ RESTORE OPERAND SI ( C I

• lISa 4151 IS OCR $ * COLUMN ALL DONE ~ill ’ 415C C SF45 JNZ ROWNS a NO
2175 41SF Fl POP P5W * YES. RESTORE VECT SI ~~t255’ 4575 3D DCR A p ALL MULTIPLIES COMPLETE 7
119 ’ 4l?t CU*41 J NZ COLPI1 a NO
ill’ a YES. SUM PA RTI ALS TO C ONP LI T
i l l S  4574 SIll Au! S. M5Z p REESTABLISH M AT R IX ROW SI Z E

• 212’ 4576 511151 L XI D. MMRA2 a MATRIX MPY RESULT START *150*
• 2 *3 * 4171 111154 LXI N.PNNA1 , PARTIAL NAT MPV START 0556

114$
215 * 417C $4lMAis
111$ 457C Sill NUl C. VSI * R E I N I T I A L I Z E  VECTOR 5121
SI?’ 4S7E OF XlA A a CLEAR R E G A
l1I~ 41?F IS PUSH I a OBTAIN POINTER OFFSET IN DIE
219$ 4111 ISIS MUI I S  ~ CLEAR UPPER PORTION Of DIE
111$ 4052 Sill MV ! 1.052 SET OFFSET. MATRIX ROIl S I L
Ill’
211’ 4114 Itm$ as
113$ 4114 SI ADD N A • A . H L
114$ 4111 19 DAD $ * NL • NL • DC ($1 • OFFSETS
210’ 4115 ID ICR C a ALL TC005 MaMMI D T
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R79.94459O~1 FIG 5 (CONTINLIED~

INTEL 8080 SOFTWARE FOR LOG CONTROLLER
(CONTINUED)

2265 4157 C19441 JNZ $41011 * NO
ll7s 455* DI POP I YES. RESTORE RESULT ADD. -
211* 4111 11 SIAN I STOIC RESUL T
229’ 45$C II DCI I a MATRIX ARV COMPUTE P
235 * 4SSD CAAR 45 JZ WHE1 p YES
231$ 4195 13 INN S p MO . POINT TO NEXT RESULT ADD
232’ 4591 ~‘1 PUSH S a ADJUST TERM POINTER TO LOST
533s 4111 111514 LXI W~P4IMAl p OtT BASE 011 *
234* 419$ *51 MV1 A NSi p SET MATRIX ROW SIZE
231* 419? II SUB I
536* 4152 56 NOV E.A a OCT OFFSET
237* 4199 1150 MV ! D I  a CLEAR UPPIN PORTION OF DI
131$ 4191 19 DOD S 1 NL • PMPIA .VS - RIG S
239 * 411C Pt POP D
240 * 4195 C)PC 4I JAR SUMA1
141* p
242* *24)’ DO VECTOR ADDS TO COIIPUTI U (k.1) I.E.
244 5
241* p W ( K . I ) t  • PHSISII(K)I • NDSZ ( C ) 1
241* a
547*
2455 a241* a W I K . l ) N  • PA IDS UICPN • ND SZ (L )N
III’
25*5
iSis 41*1 boNEa.
253* 4101 1*1551 L XI N.DNA3 GET Il 1.I) STORAGE AREA ODOR
2545 4503 11 PUSH N a TEMP SOUl
255* 4504 215512 LXI N .NNIA I ~ ORTAIN ND*Z RESULT STAR T A
1SS. 45*7 111111 LXI D. MRRAI OITAIN P1(155W RESULT START A
257, 4SAA 1111 NUI I.VS3 a OI TA I N S Of TERMS TO ADD
ass’ 41*C Sill MUl C. NS3 ~ OITAIN OFFSET TO STORE SUMS
219* 4101 IC INI C
151* a
211* 450F *UIIXTa
252’ 41*F AF XRA A p C L L A R A R E G
2535 4115 55 ADD N p Sit GD*Z TEAM
254* 4111 II XCMG
251’ 45B1 SI ADD M p ADD P 1(155W TERM
250. 4113 37 STC 1 SET C A R *Y . I
2675 4114 W CNC
165$ 4111 I?  *AL p ADJUST FOR 1.1 SCALING
*59 . 4115 D0C441 JC MCI p NIl 0* POS P
171$ 4119 $7 OSA * p SET CONDITION CODE
2715 411A F1I FAD JP MOFLO p POSITIVE . AMY OVERf LOW T
272 $ 4IID FS7F OR! PPM j  YES. FOR CE TO 1*051ST S
273*
2745 41SF NOFLOS
575 . 41SF E1?F AN! ?FN a FORCE TO POSITIVE I
175. 41C1 C3CS4I JAR $C*LI
5775 p
271. 41C4 MISS
579 * 41C4 fI l l  00! ISH a FORCE TO NEGATI VE I
il ls I
ills 4ICS $COLI*
ills 4ICI 13 XTNL a SIT STORASI AD~~~SS
113$ 4lC? 7? NOV M A  

~ STOIC SUN
554’ 4ICS II ICR I p CHI Ck IF ALL TERMS ADDID
25$ ’ 4IC9 CASS41 JZ 1014(4
UI’ 41CC 75 NOv *1  ADJUST STORAGE ADISESS
117* 4SCD SI ADS C
ill s 4ICE SF MOV L.A
111* 4ICF 13 KYNI p RESTORE POINTERS
195* 4515 15 XCNS
211’ 4101 23 INK N p POINT TO NEXT SDSZ TERN
191* 4101 13 INN P p POINT TO NEXT PH ID IW TERM
293’ 4593 C3AF4I IMP ADINNT p ADD NEXT TERMS
294* pin, p
u S ’  p UPDATI W ( K )  UItN NEWLY CALCULATED W I K . I I
29?,
*95’
199* 4195 1014(45
355 * 4105 II POP N a 61510 *1 STACK
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R79-944590-1 FIG ~ (CONTINUED)

INTEL 8080 SOFTWARE FOR LOG CONTROLLER
(CONTINUED)

301 * 4157 2102 AU! L VS3 a GET S Of TERMS TO STORE
3125 4119 El PUSH H TEAR SAVE
353, 455* 11115$ LXI 11.1*03 p GET IlC(•tl STOREAGE AREA ADD
304* 4IDD Sill NV I C.RS3 a OCT OFFSEt OF U (k$l)
355’ 4IDF IC 1116 C
315’ 4111 111153 LXI D.DIIA1 a GET W ( k )  STORAGE AREA ADD.

• 357* 4113 SIll MV! D M52 a OCT OFFSET OF W I K )
31$’ 4511 54 INI I
309* a
3*5’ 45(5 STRNXT*
3*1’ 4515 71 NOV LA • SIT W (E .I)312$ 4517 12 StAX S p STORE INTO OLD V(k)• 3*3* 41(1 13 XTHL GET S OF TERMS REMAINING TO
3*4* 4519 iS 5CR L p ANY LEFT P
3*5’ 4S(A CAF741 JZ DONES a NO
3*5’ 4SiD E3 X?NL ~ YES. RESTORE POINTER• 3*7’ 4111 7D NOV *.L a ADJUST FOR NEXT W Ik~ I)
3*5* 45(1 51 ADD C
3*9 ’ 4Of1 SF 00(1 L. A
325. 4SFI ?D MOW 0.1 a ADJUST FOR MCXI I l t k )

• 321$ 41F2 SI ADD I
322* 4IF3 SF NOV l.A

• 353* 4SF 4 CX$45 JAR STRMX T
324* p
355’ a
325$ a MULTIPL Y MATRIX GD (CLOSED LOOP F EEDBACK MATRIX ) sil l

• 3~~’ a VICTOR U (NEXT STATE VICTOR).
325* a ID I S I R O W  X 1 C O L S
3~9’ a ~ IS1ROUS X 1 C O L
331’
331* 4SF? ~OMC5s
332* 4SF? El POP N * RESTORE STACK333’ 4SF1 XII MU! A. VS3 a ESTABLISH VICTOR SIZE
334 * 4SFA 11155? LXI D PMMA3 * PARTIAL MATR IK NPY STOA T ADD

• 33%’ 4IFD 25911$ LXI N.DIIA 3 p DATA MATR IX START ADD.
331 a
337* 4*11 CO LN3$
33$’ 4*S 15 PUSH P9W a START NEXT COLUMN NPY~ SAVE
339* 4*11 1511 NUl I.MS3 p ESTABLI SH MATR IX IOU SIZE
340’ 4153 41 NOV C .M p GET OPERAND II
34 1,  4154 13 INK N j  POINT TO OPERAND Si

• 342* a
343$ 4*55 *050(3*
344’ 4115 Cl PUSH B a NPY 1111 ELEMENTS IN EACH ROW
345* 4155 ES PUSH N a SAVE I .C .N I L
345* 4*17 55 NOV N.M ~ SIT OPERAND Si
34?’ 4*55 CD4F41 CALL MULT a S lIT SIGNED
345’ 4111 PC NOV A,N ~ PREPARE TO STORE3495 4ISC 11 STAN D a SAUl PARTIAL MATRI X APY• 350* 4II D 33 INN D a ADJUST SAUl POINTER
301* 4151 CI POP N p RESTORE N I L
312’ 41SF 53 INK N p POINT TO NEXT OPERAND
353’ 4111 CI POP I a RESTORE VECTOR COUNT D I
355* p RESTORE OPERAND SI *C
355’ 4*11 IS 5CR I p COLUMN ALL DONE ?
355. 4111 C1IS4I P112 IOWN3 p NO

• 357 ’ 4115 Fl POP P9W p YES. RESTORE UECT SIZE
355. 4111 3D DCR A ~ ALL MULTIPLIES COMPLETE 7• 359, 411? CiS141 JNZ COLN3 p NO

• 
p YES SUN PARTIALS TO COMPLET

• 351’ 411* 5S11 MV! 1.053 a NEESTAILISH MATRIX ROW SIZE
352* 411C 111151 LXI I, MMI A 3 p MAT R IX API RESULT START ADOR
313’ 41SF 1ISSS7 LX I N.PMNA3 a PARTIAL MAT APY START ADD.
354*
3SS* 4112 IUMAJI
311* 4th SCSI NVI C.US3 a REIN I TIALIZE VICTOR SIZE
317’ 4124 OF NRA A a CLEAR RIG A
315* 4115 PS PUSH I p OD TA I N POINTER OFFSET IN DIE
3S51 4111 ISIS MV! D I  p CLEAR UPPER PORTION Of DIE

* 411$ till MV ! 1.013 a SET OFFSET . MAT R IX ROll SIZI

371* 4110 3*
3735 411* 51 ADD N a A A ~~~ HL
3745 4125 15 DAD S p N L NL •DE (DI OFFS(T)
375’ 411C ID ICR C p ALL TIANS IUPMID T
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R79-944590-1 FIG 5 (CONTINUED)

INTEL 8080 SOFTWARE FOR LOG CONTROLLER
(CONTINUED)

371$ 4111 CUA4I $12 SUMS) p NO
377* 4~35 5~ POP D a YES. RESTORE RESULT ADBI
375* 4131 Ii STAN I p STORE RESULT
371* 4131 II DCI S p MATRIX ARY COMPLETE 7
3*1’ 4133 C*414I .12 DOI*3 p YES
3*1* 4131 1) INN I p MO . POINT TO NEXT RESULT ADD
3*2* 4137 51 PUSH S p ADJUST TERM POINTER TO LAST
353* 413* *15*57 LXI N.PIU~~3 p Itt 5011 0151
314* 4135 XII NV! A.MS3 ; RET NATR IK SLfl
3*5’ 433* Dl SUb I
3*1’ 41* SF NOV l.A a SIT OFFSET317~ 413F Ill MV ! D l  p CLEAR UPPER PORTION OF DI
355* 414* 19 DAD I p Nt • P M N A • U S - R E G R
319* 4142 II POP D
395* 4143 C31i41 JAR SUNA3
391’
391’ 4145 31
393’ 4141 37 SIC * SET CAI*Y .I
394$ 414? 3F CMC CHECK FOR INTERRUP T CO O PL ETI
315 I 4145 Fl LI p NEEDE D FOR 1ST PASS ONLY
3155 p
397~ 4149 UAITLP*
352’ 4*49 524941 JNC VAITLP p WAIT FOR iNTERRUPT
399* 414C C3144S JAR STRT I p INTE RRUPT SERVICED

p CALCULATE NEXT OUTPUT
451*
452* p SUSSOUTINE MULT I SIT SIGNE D MULTIPL Y
453’ a
454* p NL • I4$C
415 *415* p I NPUTS$ C - MULTIPLIC AND S SIT SI~NEL~4171 p N - MULTIPLIER S BIT SIGHED
4525 1
459 * OUTPUTS ’ NIL - PRODUC T II BIT SIGHED
41 15 p
411 *  p DISTROYS1 A.I. C.N .L
415’ p
413$ 41SF MULT S
4141 414F 7C NOV A .N a CHECK SIlls OF MULTIPLIER *111
415* 4155 I? 0*0 A
415$ 4*51 Fi1141 JP *JLNP a N 15 POSITIVE
4*75 4154 iF CMA p MULTIPLIER (N) IS NEGATIVE
415* 4*15 3C INR A p TAKE i S  COMPLIMENT
419* 411$ 5? NOV 11.0 p
4251 411? 71 NOV A .C a CHECK 515$ OF MULTIPLICAND
421 * 411* 57 0*0 A
422* 4159 Fi$341 JP 16JLOS IMPUTS HAUl OPPOSITE SIGNS
423$ 411C if CMA p MULTIPLICAND (C) IS
4145 4111 3C 1111 A p TAKE i S  COMPLIMENT
425’ 4111 4? NOV C.A p
425* p
417* 41SF MULSS$
4255 41SF CDP$4I CALL IMUL p SANE SIAN. MULT I PLY AND AETU
421* 41*5 CI RET
435* p
431 1 4*13 AULO$a
43*’ 4113 C07941 CAL L INII L p H I C MAUI OPPOSITE SIGNS
4335 4115 iS DCX N p TAKE i S  COMPLIMENT OF P*ODU
434* 4*1? 71 NOV A.L 4435* 411* iF COO
435, 4159 1? NOV L. A p i S  COOP OF I.
437* 4110 PC NOV 0.11
425 ’ 4115 if CRA
439$ 411C 17 00(1 11.0 p i S  COOP OF N
445* 4151 CI RET p RE TUOM WITH FINAL RESULT IN
441*
4415 4151
443* 4111 79 NOV A .C p H (MULTIPLIER ) IS POSITI VE
444’ 41SF I? 01* A p CNECZ SIGH OF MULTIPLICAND
445* 4*71 Fi5V41 JP NUI SS
445’ 4173 if CMA p MUL TIPLICAND ( C )  IS NEGATIVE
447* 41?4 3C 11(1 A p TAlC i S  COMPLIMENT
449 * 4*75 4? NOV C.A
449* 4I7S 035)45 JMP MVIII a DO OPPOSITE SillS MULTIPLY
41$, p

79 — OS - 14$—?

• 

•



• 1 F I~~ ~- (~. ¼7NT IN~JI ~~~~

INTEL 8080 SOFTWARE FOR LOG CONTROLLER
(CONTINUED)

4 5 * 5  p
41*’ p SUIROUTSNI ‘IN UL I lIT UNSIGNE D FRACTIONAL
453 * p
454$ p I NPUTS ’ C — MULTIPLICAND S SIT UNSIGNED
4115 p N - MULTIPLIER S PIT UNS I GNE D
4115 p
417’ * OUTPUTS ’ ML - PRODUC T 11 PIT UNS I GNE D
45S5 a
419s p DESTROYS’ A .D .N.L
455* a

• 451s 4$79 INUL ’
452’ 4*79 5591 MV ! II p CLEAR FOR FOLLOW ING D*D IN• 453’ 4*75 $1 MOu 1.1 CLEAR BOTTOM HALF OF ML
454 5 41?C XIS NV! A S  * INITIALI ZE LOOP COUNTER
4$1*

• 415’ 4*71 IMUL1s
417’ 4*71 *9 DAD H * SHIFT RESULT
415’ 4*?F 51*34* JNC IMUL * * IF MSB SET. ADD M UL TIPLICAND
459’ 4*11 II DAD I 3 N L NL .IC
471’• 471 5 4*53 INuLl ’472 * 4113 3D DCI A p DECREME NT I TEST LOOP COUN TE
4735 4*54 C1714$ JNZ IMULI
474~ 4*5? *9 DAD H p ADJUST FOR FRACTIONAL MPY
475* 4*91 CD RET
4755 p
477$ p
4 755 * INTERRUPT SERVICE ROUTiNE
479$
455 5 p FUNCTIO NAL DISCRIPTION I
451*
411’ p TH I S ROUTINE IS ENTERED lINE N THE CLOC K ID E L T A 1*
4131 * GOE S OFF . DE LTA T IS A SQUARE VAVE CLOCK INPUT
454$ p FROM A FUNCTION GENERATOR . HENCE IT 15 P SESETTA IL
41S ’ p IT PROVIDES’
411’ p
45?. p A) A DELTA T TINE STEP
455’ * I )  A MEANS OF INDICATING END OF CONVERSION FOR
459’ a
495* p All MAX CONVERSION TIME IS .55 MS. MINCE DELTA T
49*5 p II SET HIGHER
492 * a

• 4931 * THE ROUTINE READS IN A Ii BIT All INPUT Z IK .W N!CM
494$ * TRUNCAtES THE LIAST SIGNIFICANT 4 BITS SI NC E ONLY S
495 ’ a PITS ARE NEEDED.
495* a
497* p THE ROUTINE ALSO OUTPUTS U (K) TO THE ANA L OG SYSTEM
495* MEANS OF A 11*. THE 52* IS $ SIT MEMORY NAP 10.
499 ’ p 1 OUTPUTS ARE PROVIDED ’ 1 tO THE SYSTEM
III ’ a 1 TO A STRIP CHART RICORE
151*
SIll p IN ADDITION . A CHECK IS DONE TO SEE IF THE
553’ * INTERRUPT OCCURRED DUR I NG CONTROL CODE

CALCULATION S. WHICH COULD RESULT IN
SIll p INAC CURATE CONTROL COMMANDS. IF TNIS
Ill’ * ERROR OCCURS. THEN PIN CONTROL IS
SI?, p PASSED TO THE MONITOR .

• III’• 519’ 4*59 ~NTR I
1*1* 4159 F3 DI p DISABLE INTERRUPTS
Sil l 4*50 Fl PUSH PSW p SAVE 4
5115 4*52 15 PUSH N 1 SAUI NI
$135 p
5*4* p CHECK IF CONTRO L CODE CO MPLETED• 1*55 p
5$55 415C 33 INK SP * CHECK IF CONTROL CODE COPPLE
5 *75 4I SD 33 IN X SP p FIND NIT ADDS FROM INTERRUP T
SIll 41RE 33 lox SP
5*9’ 4*5? 33 INN SP
125’ 4*95 i14141 LXX H.WAITLP a GET WAIT LOOP NI ADDI
521 * 4113 7C NOV A M
Sill 4*94 13 NTH L p SET INTERN RET NI ADDS
523* 4191 94 SUB N p ARE TNEY ESUAL 7
5545 4195 C1DI4I JNZ till p NO . INDICATE ERA. STOP PIN
SD’ 4*99 75 NOV A.L p SIT INTERN RET 1.0 ADDS

10 09 *40 9
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INTEL 8080 SOFTWARE FOR LOG CONTROLLER
(CONTINUED)

521 . 4190 (3 XtNL p SIT WAIT LOOP 1.0 ADBS
527* 4195 15 SUB L 1 ARE THEV ESUAL ’Ills 419C CiDi4l JNZ fill p NO . INDICATE ERR . STOP PGM
UI’ 41SF 3$ DCX SD p YES. CONTROL CODE WAS COMPLE
135* 4105 3$ DCX SD p REST OR E STACE PNTR TO NORMA L
53 1’ 41A* 3$ DCX SD
532 * 4101 35 DCX SP
5335 p
534* p READ A’D
535 * p
135’ 4*03 3(51 MV! A IiM p SET A’D RE AD CS~~SNEL
$3?s 4*05 DX? OUT RE7H p AMPL IFIER INPUT
53$ ’ 41A7 ISIS IN MESH p READ LOW IYT(
539$ 41A9 OF RRC p ADJUST FOR 4 SIt THROWAWA Y
545’ 410* OF RR C
141’ 410$ OF RRC
sei , 4IAC OF RAt
5435 4IAD Elf ANI IFH p PRE SERVE LOW (lISLE
1445 414? 1? NOV L.A p TEMP SAVE
5411 4*95 5514 IN ME4H p READ NIGH PYlE
145, 415i IF RRC p ADJUST FOR NISH NI SIL I
547* 4113 OF IRC
545 , 4* 54 OF
5491 4*15 OF NRC
555 ’ 4*B6 ESF I AN! WIN p PRESERVE NIGH NISILE
551’ 4*P S 55 00* L p MCIII TO FORM S SI ? INPUT
552 * 4*19 119155 LX! H.DNA* p STORE INPUT IN MATRIX D*74 4
553’ 4*IC 77 NOv M. A
554’ p
555 ’ p
115 $ p OUTPUT D’A (U)
55?, MEMOR Y MAPPED I’O555, p
159* p
555’ 4* 11 11911$ LX! N .UOUT p OUTPUT U
SIts 41CI 71 NOV A M
152’ 41C1 111SF? LX! H.II 71SH
5535 41C4 77 NOV M.A
564’ 41C5 1*1153 LXI N.St*IPC p OUTPUT MEMORY LOC TO STRIP C
565 ’ 41C1 71 NOV A .M
555’ 41C9 i1I lF7 LXI H.1f71IN
51?’ 41CC 7? NOV N.A
Ill s 4*CD El POP N
ID, 4ICE Fl POP P1W
$75’ 4ICF 3? STC p INDICATE INTERRUPT COMPLETE
571 1 41D5 FB El
572 * 415* CI RET p ENAPLE INTERRUPTS I RE TURN
573* p
574* p CONTROL CODE NOT COMPUTED . ERROR
575* I
176 * 4111 tIll ’577 * 4*11 C? 1ST * p IRANCN TO MONITOR IMMIDIATLY
175 * p
179* p
555. p DATA MATRIX 5,01*51 AREA
551’ p
Ill’ p TNt FOLLOWING DATA IS FOR THE iNS OlDEN SYSTEM
553$ p ALL I S  ARE REPRESENTED AS FRACTISfl UMERE I
554, p ,S • FR *C.$11$.I.I
Sill , -. • l’s COil OF I-FR*C.lIlI.I.S
ISIS p
55?, * sasssssssssssusssssssssssssssssssssssssssssss
555 5 p $ $
159’ p S NOTE s GAINS 5(1.0W ARE FOR T u 5 *  SEC *595’ p I *59*’ p $$S$B$SSSS$S$$SISS* SIS$$$$$SI$l* $$$$S$*$$$$$*$
192* *$93’ p Z - I NPUT VICTOR FROM Oil
594’ ~ lID MATRIX
5,5 , p
596 * p ND • . 5 *3  • .517 WHE N SCALED ON i l
597* p - .535 • - .II S
59$ l p
599 * 5555 ORG Sills
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INTEL 8080 SOFTWARE FOR LOG CONTROLLER
(CON CL U DE D)

611$ p NOTE ’ N D ( S )  I Mli i )  HAVE SEEN COMPL 1M(NTED
612* p DUE TO IMUIRTID I~~~JT.
653* *614 5 SIll Ii IS SN p Z (E) VECTOR A’D INPUT $1
SIl l 555* II SB SF111 p ND MATRIX ROUt COLI
656, Sill II SB 5tH p H) MATRIX 10511 COLI
157, p
65$ ’ p
659 * p - PAST STATE VECTOR
I l l s  a PSI, - CLOSED LOOP SYS TE N MATRIX
Sit , p
lii’ p PHIl • .57154 .57*2? • .436 35 .53563
6*3 ’ * - .11514 .63155 • -.13161 .3*513
614 1 p WHEN SCALED 014 2.1
6*5 ’ p
6*65 5395 ORG 5355K
6 * 7 *  5355 41 DI 4514 * v i E )  POST STATE SI IN!? .5
611* 535* 3$ 55 3511 p P1411 MATRIX ROW I COL t
6*1* 5312 Fl Dl F114 p PHID MATRIX ROWS COLt
621* 1353 45 DI 455 p 111E ’ PAST STATE Il IN IT .5
621’ 5354 55 DI IN p PHIl MATRIX ROW I COL2
616’ 5~~~ is DS 1514 p P1411 MATRIX ROWS tOLl
623*
624 5 p
US p v~~ .* - PRESENT STATE VICTOR
626’ p 65 - CONTROL GAIN MATRIX
6275 p
515 p GD • -1.741 -.41412 • - .571 - .20756
629* p WHEN SCALED ON S I
635$ p
63*5 5655 ORG SAISH

* 635 5 1555 II DI 511 p WIE .*) PRESENT STATE SI
633 ’ 5611 92 IS DiN p GD MATRIX ROU t COLt
634 * 5652 Ii IS SN p 11(1.1) PRE SENT STATE Si
635$ 1553 16 55 1(111 p 5) MATRIX 5011* COL 1
636* p
53?, p
635 * END
639 ’ NO PROGRAM ERROIS
641s
6411
642’ SYM$OL TAILE
643 *
644 ’ 5 II
6455
646 * A 555? ASDNX 41*? I ISIS C Sli t
6475 COLNI 41lC COINi 455* COLN3 4155 5 SIll
64$’ DM01 SIll 10*1 5~~~~ DMA ) ISIS 50141* 4151
6495 DONE1 4IAI DONC 3 4145 DOHE4 4115 SOHES 41??
655, E III ) 1,01 4111 N 5114 IMUL 4*79
611* 15111.1 4*71 IM UL 1 4153 INTR 4151 L ISiS
612’ N SIll MORAl Sill MNRA1 ISIS NNIA3 5555
613’ III Slit NIl Slit MS3 Slit MULHP 4*61
6141 NULOS 4163 NULS5 415? NIJLT 414F MIS 4SC4
655 ’ NOFLO 4IBF PANA I SIll PMMAS 5411 PMNA 3 5755
655 s P5W IllS b UN S 45*1 10111(1 455? ROWN3 4153
65?, SCAL 1 41C6 SD 5551 STRIP I)IS 51*14* 4516
555* STITI 4554 SUMAI 4551 SUNA 457C SUMA) 4*22
Ills 515151 4135 1HRPi 4114 SUNS) 411A 1*05*? SIll
651* VII 5551 (PSi Sill 1*53 SIll WAITL 4149
65*’ —

‘9 05 40 10
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SECOND—ORDER OUTPUT RESPONSE AS A FUNCTION OF WORD LENGTH
RESPONSE TO INITIAL CONDITION~ X0 - (0.5. 0.51
STANDARD STRUCTURE WITHIN CONTROLLER
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